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PIP-II HB650

• CW operation & 2 mA average beam current

Cryomodule Number 
(Prototype 

+ installed)

Cavity 
Number

Testing Note

HB650 1+4 6 Test at FNAL Integrated Design
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PIP-II HB650 prototype cryomodule

• will comprise three 0.9 and three 0.92 cavities

• four RRCAT 0.92 cavities will be qualified at Fermilab
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HB650 Cavity Requirements

• PIP-II SRF Cavity Parameters Physics Requirement 

Document (PRD)  (ED0010221)
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Performance parameters for beta=0.90 cavity

dF/dP

Slide from Ivan Gonin presentation at cavity FDR
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HB650 0.92 Cavity Technical Requirements (TC# ED0009659 Rev A)
EM Design Parameter Value

Frequency, MHz 650 

Iris aperture, mm 118

Effective length Leff = 5∙(βg λ/2), mm 1060.8

Geometrical/Optimal beta βgt 0.92/0.971

Optimal shunt impedance (R/Q)opt, Ω 610 Ω

Energy gain at optimal beta Vopt, MeV 19.9

Surface RF electric field Epeak, MV/m 38.9

Surface RF magnetic field Bpeak, mT 73.1

Mechanical

Sensitivity to LHe pressure fluctuations of dressed cavity, Hz/mbar < 25

Lorentz Force Detuning coefficient, Hz/(MV/m)2 < 1

Longitudinal stiffness, kN/mm < 5

Operating frequency tuning sensitivity, kHz/mm > 150 

MAWP RT/2K, bar 2.05 / 4.1

Cavity Length (flange to flange), mm 1400.2

Operational

Operating Field Flatness in dressed cavity, % > 90

Average operating cavity gradient Eacc = Vopt/Leff, MV/m 18.8

Maximum gradient in VTS, MV/m ≤ 24

Operating temperature range, K 1.8 - 2.1

Unloaded quality factor Q0 > 3.3∙1010

Unloaded quality factor Q0 in VTS at 19 MV/m >4.0∙1010

Dynamic RF power dissipation, W < 22.5

Max Leak Rate (room temp), mbar∙L/sec < 2∙10-10

Operating cavity Q-loaded/bandwidth, Hz 9.9∙106 / 66

Operating input RF power CW, kW ≤ 43

Operating field probe RF Power CW, mW 100 – 500

Multipacting free zone at operating gradient, % ± 10
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Similarities and differences in b = 0.90 & b = 0.92 Helium 

Vessel and Cavity
From the slide by Vikas Kumar Jain presentation at cavity FDR

b = 0.9 b = 0.92 

Charge 1a, 3a
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FEM Simulations

Loadings

The cavity is subjected to following loads:

1. Gravity

2. LHe liquid head

3. Thermal contraction due to 2K

4. Tuner extension (cavity compression)

5. Pressure (internal and external)

Load 

Case
Loads

Condition 

Simulated

Applicable 

Temperatur

e

Applicable

Stress 

Catego

ries

1

Gravity

P1 = 2.05 bar

P2 = P3 = 0
Warm Pressurization 293 K

Pm, PL, Q, 

Pm + Pb , PL

+ Q

2

Gravity

Liquid Helium 

head

P1 =4.1 bar

P2 = P3 = 0

Cold operation, full

LHe, maximum

pressure – no thermal

contraction

2 K

Pm, PL, Q, 

Pm + Pb , PL

+ Q

3

Cool down to 2 K

Tuner extension

of 1.5 mm * 

(Cavity 

compressed 

by 1.5 mm) 

Cool down and tuner

extension, no primary

loads

2 K
Q

4

Gravity

Liquid Helium

head

Cool down to 1.88 K

Tuner 

extension 

of 1.5 mm

P1 = 4.1 bar

P2 = P3 = 0

Cold operation, full

LHe inventory,

maximum pressure –

primary and secondary

loads

2 K Q

5

Gravity

P1 = 0

P2 = P3 = 1 bar
Helium vessel leak check 293 K

Pm, PL, Q, 

Pm + Pb , PL

+ Q

From the slide by Vikas Kumar Jain presentation at cavity FDR Charge 1a, 3a
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HB650 cavity reviews

• ED0004939 : helium vessel preliminary design review

• ED0009553 : PIP-II 650 MHz β=0.90 & 0.92 Jacketed Cavity Prototype Final Design 
Review

• ED0009629 : PIP-II 650 MHz beta=0.90 & 0.92 Jacketed Cavity Prototype FDR Report

Charge 1a, 3a
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HB 650 MHz  Cavity & Helium Vessel

6” x 4” reducing tee
(F10061499)

Lifting lugs
(F10041968)

Rolling pads
(F10057423)

0.5” nut
(FC0021927)

Tuner adapter
(F10008686)

• Beamline flanges are different, e.g., no alignment markers on 0.90 flanges (F10046673 & F00481600)
• Main coupler flanges are different (F10007345 & F00482496)
• Field probe flanges are different (F10007350 & F00482728)
• NbTi transition rings are different (F10089369 & F00482495)

0.90 - F10129206 0.92 - F10127563 

Charge 1a,3a
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HB 650 MHz  0.90 & 0.92 beamline flanges

0.90 - F00481600 0.92 - F10046673 

Charge 1a,3a
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HB 650 MHz  0.9 & 0.92 main coupler

0.90 - F00482496 0.92 - F10007345 

Same flange except 
for the tolerances

Charge 1a,3a
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❖ The RF coupler for β=0.90, β=0.92
cavities is same.

❖ Coupler has a single ceramic 
window operating at room 
temperature. 

❖ Central conductor of the coupler is 
cooled by air. 

Coupler design for HB 650 MHz cavities 

Current status:
Electrical, thermal designs are done.
Mechanical design is done.
Test stand has been designed
and currently under assembly

Main Coupler Port

β=0.90 β=0.92

Slide from Ivan Gonin presentation at cavity FDR

Charge 1a, 3a
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HB 650 MHz  0.9 & 0.92 field probe

0.90 - F00482728 0.92 - F10007350 
FP port clocking is different
w.r.t to the main coupler
between 0.92 and 0.90 →
magnetic shield design

Same flange except 
for the tolerances

Charge 1a,3a
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HB 650 MHz  0.9 & 0.92 tuner interface

0.9 - F00482728 0.92 - F10007350 

Charge 1a,3a
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HB650 MHz β=0.90 Cavity status

• B9A-AES-010 is qualified and was 

tested in  the horizonal cryostat

• B9A-AES-008 has been dressed

• B9A-AES-007 and B9A-AES-009 

are qualified in VTS and are being 

prepared for dressing
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Slide from Martina Martinello

HB650 MHz cavity magnetic field sensitivity

• 650 MHz cavities will require low remnant field and efficient flux
expulsion in order to achieve PIP-II specifications in operation

• About 3 mG is the maximum field that cavities can trap and still reach
above 3.2∙1010
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Summary

➢ Prototype HB650 cryomodule will comprise three 0.90 and three
0.92 650 MHz cavities

➢ Cryomodule design needs to accommodate the differences in
cavity interfaces between 0.90 and 0.92 cavities

➢ Four HB650 0.92 cavities from RRCAT and four HB650 0.90 cavity
at Fermilab are being qualified

➢ Four bare HB650 0.90 cavities were qualified in VTS at Fermilab

➢ Three HB650 0.92 cavities are being procured by Fermilab, but
have been delayed

➢ The status of HB650 0.92 from RRCAT will be summarized in the
next slides
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